The shortages of chemical fertilizers in Cuba in 90s caused the introduction of different research results obtained on this time for the implementation of natural zeolites in the fertilizer industry. It's known as the high capacity of cation exchange of the natural Cuban clinoptilolite, which contributes to reducing nutrient losses, such as ammonia, and keeping the potassium and phosphorus cations available. Extensive tests were done on the field with the objective to evaluate the agronomic effect of incorporating this mineral in fertilizer. The results obtained in this experiment contributed to almost all Cuban chemical fertilizers, which has been incorporated around 15%-20% of natural zeolite clinoptilolite in its composition by Cuban agriculture consumes, reducing the chemical carriers of the fertilizers and decreasing the contamination of the environment. Also this mineral contributes for increases in agricultural income more than 15% in all cases; additionally, a trend can be observed towards gradual recovery of some soil fertility indicators, in which the chemical fertilizers with Fertcel was applied.
Introduction


Modern agriculture uses fertilizers with high concentration of nutrients, which have high solubility. It is predominantly accepted that the repeated application of these fertilizers can bring long-term adverse impacts on the soil and environment [1] .
An interesting alternative would be to consider the availability of a renewable fertilizer with controlled release, which can ensure high crop yields with lower dosages of nutrients and meanwhile the soil fertility is not affected [2] . Because of this, it was decided to carry out the evaluation of a new type of fertilizer-inclusion of natural zeolite (clinoptilolite) in the NPK fertilizer. This new fertilizer might enable nutrient release in a controlled manner, decreases the dosing of nutrients in crops without affecting yields and soil properties [3, 4] , thus can avoid some negative environmental consequences associated with high concentration of chemical fertilization, nutrient solubility and make a more sustainable agriculture [5] . In composition, zeolites are similar to clay minerals; more specifically, both are aluminum silicates. They differ, however, in their crystalline structure. Many types of clay have a layered crystalline structure (similar to a deck of cards) and are subject to shrinking and swelling as water is absorbed and removed between the layers [6] . In contrast, zeolites have a rigid, 3-dimensional crystalline structure (similar to a honeycomb) consisting of a network of interconnected tunnels and cages. The net negative charge within the voids holds the cations for the cation exchange capacity (CEC). The open and negatively charged framework results in zeolite's ability to exchange plant nutrients inside and outside of the stable three dimensional honeycomb framework [7, 8] .
For this purpose, it was used the Cuban natural zeolite with over 98% of clinoptilolite in its composition, which showed that introducing this mixture to chemical fertilizers reduces adding inputs by up to 25% by increasing efficiency thereof and improving soil fertility.
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This research aimed to evaluate the efficiency of NPK fertilizers with the incorporation of 25% of zeolite clinoptilolite from Tasajeras deposit for different crops.
Materials and Methods
The mineralogical composition of the zeolite used is 98% clinoptilolite and 2% mordenite from Tasajeras deposit of the central region of Cuba, and is analyzed by X-ray diffraction (Xpert Pro/Panalytical) technique, with an average chemical composition present in Table 1 . The sample of this mineral was analyzed by X-ray fluorescence (XRF-1800/Shimadzu) technique.
An equally important aspect of this mineral is the physical characteristics (Table 2 ). It has a high pore volume, which gives the mineral a large area of absorption and ion exchange and allows moisture retention higher than 40%, like potassium and ammonium (these elements are available to crops).
From the participation of simple chemical carriers, the recommended formulations of ammonium sulfate (20.6-0-0), simple superphosphate (0-19.5-0) and potassium chloride (0-0-60) were developed for different crops, which were compared to those incorporated with 25% clinoptilolite type zeolite with a grain size of 1-3 mm. Replacing the same percentage to all carriers, NPK formulations in this way was corroborated in field studies to product the positive results obtained in another series of experiments at controlled scale.
The soil where the experiments were conducted are classified as Ferralític red dark [9] , which corresponded to a Rhodic Eutrusteox deep [10] , flat topography, low organic matter content (2%), CEC of 13-26 meq/100 g soil, pH less than 6, found in the Southwestern plains of Cuba.
Results and Discussion
Adding 25% of natural zeolite to NPK fertilizer, although lowered NPK nutrients provided by the formula, increased crop yields 37.98% on average by evaluating different crops in Table 3 . This demonstrates the efficiency of natural zeolite in retention of nutrients that were provided by chemical fertilizers, because high capacity cation exchange of this mineral compared to the soil (157 meq/100 g zeolite vs. 26 meq/100 g soil) allows to increase nutrient retention by more than five times, which can act as a storehouse of nutrients available to crops. Traditional conditions of application of NPK fertilizer supply more cations to soil than its holding capacity, causing leaching or volatilization of nitrogen carriers.
In mineral fertilizers NPK with 25% zeolite, the efficiency of utilization of nutrients is 44.42% compared to the traditional average; maize shows the largest increases in efficiency of utilization of fertilization (60.83%), mainly because this crop is highly demanding of nutrients, primarily nitrogen, which the natural zeolite retains interchangeably and is available for crops. It coincides with the report of Refs. [11] [12] [13] that using natural zeolite in agriculture has the possibility of saving mineral fertilizers and thus reduces the negative impact on the environment.
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When analyzing the results of soil (0-20 cm depth) in different crops with fertilizer application with 25% zeolites (Table 4 ), large differences are observed in the content of the exchangeable cations or pH.
Although there is a tendency to increase the soil's total CEC regarding the NPK application, the increase in sweet potatoes reached 40%, whereas in maize cultivation this increase was 3.27%. While, the contents of P 2 O 5 and K 2 O increased significantly to 94.4% and 65.02%, respectively, in the cultivation of sweet potato. By the incorporation of natural clinoptilolite, it indicates the ability to not only make crop nutrition more efficient but also allow the gradual recovery of fertility of degraded soil through the continued and systematic use of fertilizers with this valuable mineral.
Conclusions
The inclusion of 25% natural clinoptilolite in the chemical fertilizers significantly improved the efficiency of fertilization, increased crop yields and reduced nutrient formulas, allowing us to develop a more ecological and sustainable agriculture.
A tendency was observed to increase the values of Ca 2+ , P 2 O 5 , K 2 O and CEC in soil where chemical fertilizers were applied with natural clinoptilolite, allowing the gradual recovery from soil fertility.
The authors recommend the inclusion of 25% clinoptilolite zeolites type in the formulations of chemical fertilizers NPK, because it contributes to achieving good crop yields and simultaneously minimizing negative effects on the environment caused by fertilization.
